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A SUMMARY OF THE WORK OF THE 
INTER-AGENCY SEDIMENTATION PROJECT 

ABSTRACT 

The Inter-Agency Sedimentat ion P r o j e c t  was i n i t i a t e d  i n  1939 mainly t o  
develop improved sediment sampling in s t rumen t s  and techniques  f o r  measurement 
and a n a l y s i s  of sediment  l oads  i n  s t r eams .  I n  1956, t h e  purpose of t h e  p r o j e c t  
was expanded t o  i n c l u d e  t h e  s o l u t i o n  of sed imenta t ion  problems t h a t  a r e  of common 
concern t o  f e d e r a l  agenc i e s  on t h e  Subcommittee on Sedimentat ion of t h e  I n t e r -  
Agency Committee on Water Resources,  w i t h  s p e c i a l  emphasis on methods of sampling 
a u t o m a t i c a l l y .  

Manually ope ra t ed  sediment samplers  developed and c u r r e n t l y  recommended f o r  
f i e l d  u s e  i nc lude :  (1)  t h r e e  d e p t h - i n t e g r a t i n g  suspended-sediment samplers  which 
c o l l e c t  samples con t inuous ly  from t h e  s t ream a s  t hey  a r e  lowered from t h e  s u r f a c e  
t o  t h e  bed and r a i s e d  back t o  t h e  s u r f a c e ;  ( 2 )  two p o i n t - i n t e g r a t i n g  suspended- 
sediment samplers w i t h  e , l e c t r i c a l l y  ope ra t ed  v a l v e s ;  and (3)  t h r e e  bed -ma te r i a l  
samplers .  

Ins t ruments  have been developed such a s  t h e  s i n g l e - s t a g e  sampler which i s  
i n  widespread u s e ,  and t h e  pumping samplers  which a r e  i n  t h e  f i e l d - t e s t i n g  s t a g e ,  
f o r  o b t a i n i n g  samples o r  sediment informat ion  a u t o m a t i c a l l y  from f l a s h y  s t reams 
when no observer  i s  p r e s e n t .  

Two sediment s i z e  ana lyze r s  have been developed.  The bottom-withdrawal t ube  
i s  a  sed imenta t ion  dev ice  f o r  s i z e  a n a l y s i s  of sediments f i n e r  t han  0.7 mm. The 
v isua l -accumula t ion  tube  i s  a  sed imenta t ion  dev ice  f o r  t h e  p a r t i c l e  s i z e  a n a l y s i s  
of sand samples. 

Methods f o r  de te rmining  concen t r a t i on  and p a r t i c l e  s i z e  g r a d a t i o n  which 
a r e  be ing  explored a r e :  e l e c t r o n i c  s ens ing ,  t u r b i d i t y ,  u l t r a s o n i c  s ens ing ,  and 
n u c l e a r .  
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HISTORY AND PROGWM OF THE PROJECT 

Severa l  agencies  of t h e  United S t a t e s  Government organized an  I n t e r -  
depar tmenta l  Committee i n  1939 t o  s tudy  problems i n  c o l l e c t i n g  sediment da t a  and 
t o  develop ,  improve, and s t a n d a r d i z e  methods and equipment f o r  de termining  t h e  
q u a n t i t y  and c h a r a c t e r  of sediment c a r r i e d  by s t reams.  The i n i t i a l  p r o j e c t  was 
under t h e  genera l  supe rv i s ion  of P ro fes so r  E .  W .  Lane of t h e  Iowa I n s t i t u t e  of 
Hydraul ic  Research. I n  A p r i l  1946, t h e  a c t i v i t i e s  and func t ions  of t h e  Committee 
were t r a n s f e r r e d  t o  t h e  Subcommittee on Sedimentat ion of t h e  Federa l  I n t e r -  
Agency River Basin Committee. One of t h e  o b j e c t i v e s  of t h i s  Committee i s  t h e  
coord ina t ion  of t h e  hydrologic  a c t i v i t i e s  of t h e  Fede ra l  Departments through t h e  

a s s i s t a n c e  of s e v e r a l  subcommittees. I n  June  1948, t h e  p r o j e c t  was t r a n s f e r r e d  
from t h e  Iowa I n s t i t u t e  of Hydraulic  Research t o  t h e  S t .  Anthony F a l l s  Hydraulic  
Laboratory of t h e  Un ive r s i ty  of Minnesota i n  Minneapolis ,  Minnesota. I n  1955, 
t h e  name of t h e  pa ren t  Committee was changed t o  t h e  c u r r e n t  des igna t ion ,  I n t e r -  
Agency Committee on Water Resources.  

I n  1956, t h e  Subcommittee on Sedimentat ion adopted a  Guidance Memorandum 
t h a t  o u t l i n e d  t h e  program and o r g a n i z a t i o n  of t h e  p re sen t  Inter-Agency 
Sedimentat ion P r o j e c t .  The b a s i c  purpose of t h e  p r o j e c t  i s  t o  s o l v e  sedimenta t ion  
problems of common concern t o  agenc ie s  t h a t  a r e  r ep resen ted  on t h e  Committee. 
S ince  1956, major emphasis has  been on development and improvement of equipment 
f o r  t h e  automat ic  c o l l e c t i o n  and a n a l y s i s  of sediment samples. 

The execut ive  d i r e c t i o n  of t e c h n i c a l  phases of t h e  p r o j e c t  i s  t h e  
r e s p o n s i b i l i t y  of a  Technical  Committee whose membership i s  made up of 
r e p r e s e n t a t i v e s  from f e d e r a l  agencies  a c t i v e l y  i n t e r e s t e d  i n  sedimenta t ion  
problems. The Committee provides  t e c h n i c a l  adv ice  and a s s i s t a n c e  t o  t h e  p r o j e c t  
s t a f f ,  who c a r r y  o u t  t h e  development, t e s t i n g ,  and c a l i b r a t i o n  of i n s t rumen t s ,  
p r e p a r a t i o n  of t e c h n i c a l  r e p o r t s ,  and o t h e r  o p e r a t i o n a l  phases of t h e  p r o j e c t .  
The agenc ie s  a c t i v e l y  coopera t ing  i n  t h e  p r o j e c t  and c u r r e n t l y  r ep resen ted  on t h e  
Technica l  Committee a r e :  Army Corps of Engineers ,  Geological  Survey, Bureau of  
Reclamation, A g r i c u l t u r a l  Research Se rv ice ,  Pub l i c  Heal th  Se rv ice ,  F o r e s t  Se rv ice ,  
Tennessee Val ley  Au thor i ty ,  and S o i l  Conservat ion Se rv ice .  Resu l t s  of t h e  
coope ra t ive  s tudy  t o  d a t e  a r e  i nco rpora t ed  i n  a  s e r i e s  of t e c h n i c a l  r e p o r t s  l i s t e d  
i n  t h e  Appendix. Many sediment sampling devices  and a n a l y t i c a l  methods have been 
developed by t h e  p r o j e c t .  

The fo l lowing personnel  a r e  c u r r e n t l y  a c t i v e  on t h e  p r o j e c t :  F r e d e r i c k  S .  
Witzigman, who prepared t h i s  paper ,  Russe l l  P .  Chr is tensen ,  and Mar t in  E .  Nelson 
of  t h e  U.  S. Army Corps of Engineers ;  and Byrnon C .  Colby, P r o j e c t  Engineer ,  
who reviewed t h i s  paper ,  Thomas F .  Beckers,  and John V .  Skinner of t h e  U .  S. 
Geologica l  Survey. 

This  paper was prepared t o  summarize major accomplishments of t h e  p r o j e c t .  
The work of t h e  p r o j e c t  from 1939 t o  t h e  p re sen t  time may be  d iv ided  i n t o  fou r  
phases .  The t h r e e  t h a t  r e l a t e  t o  t h e  development of  sampling o r  ana lyz ing  dev ices  



a r e  d i s cus sed  i n  t h i s  paper  under 'Manual sediment s a m p l e r s ' ,  'Automatic 
s a m p l e r s ' ,  and 'Sediment ana lyz ing  d e v i c e s ' .  Work under a  f o u r t h  t i t l e  'Theor ies  
and procedures '  i s  n o t  d i r e c t l y  and c l o s e l y  r e l a t e d  t o  t h e  development of s p e c i f i c  
methods o r  i n s t rumen t s  and i s  n o t  d i s cus sed  i n  t h i s  paper  b u t  i s  covered i n  t h e  
r e p o r t s  l i s t e d  i n  t h e  Appendix. 

MANUAL SEDIMENT SAMPLERS 

A s e r i e s  of suspended-sediment and bed-mater ia l  samplers  (some a r e  shown i n  
F i g .  1 )  t h a t  a r e  ope ra t ed  manually have been developed by t h e  p r o j e c t .  These 
samplers a r e  of t h r e e  t ypes :  d e p t h - i n t e g r a t i n g ,  p o i n t - i n t e g r a t i n g ,  and bed 
m a t e r i a l .  

Dep th - In t eg ra t ing  Samplers 

Dep th - in t eg ra t ing  samplers  t r a v e r s e  t h e  s t ream depth  a t  t h e  sampling 
v e r t i c a l  t o  w i t h i n  a  few inches  of t h e  bed,  move a t  a  uniform v e r t i c a l  speed,  and 
r e c e i v e  i n s t an t aneous ly  a t  every p o i n t  a  smal l  specimen of t h e  water-sediment  
mixture  which i s  l a t e r  ana lyzed  i n  t h e  l a b o r a t o r y  f o r  sediment concen t r a t i on  and 
p a r t i c l e  s i z e .  The nozz l e  i s  about  0 . 3  t o  0 . 4  f t  above t h e  bottom of t h e  sampler .  

The sample c o n t a i n e r  i s  a  round g l a s s  p i n t  mi lk  b o t t l e .  An exhaust  l i n e  a l l ows  
a i r  t o  escape from t h e  sample c o n t a i n e r  a s  t h e  sample e n t e r s .  The sampler i s  

l i m i t e d  t o  two-way sampling i n  depths  n o t  g r e a t e r  t han  18  f t .  One o r  ano the r  of 
t h e  t h r e e  types  of d e p t h - i n t e g r a t i n g  samplers t h a t  have been developed by t h e  
p r o j e c t  can be  used s a t i s f a c t o r i l y  f o r  sampling many s t ream f lows .  (The 100- lb  

p o i n t - i n t e g r a t i n g  sampler i s  used f o r  d e p t h - i n t e g r a t i o n  when depths  o r  v e l o c i t i e s  

a r e  t o o  g r e a t  f o r  t h e  h e a v i e s t  d e p t h - i n t e g r a t i o n  sampler . )  

The US DH-48 hand sampler i s  used t o  o b t a i n  suspended-sediment samples from 
s t reams t h a t  can be  waded. The sampler i s  made of c a s t  aluminum and weighs 4 112 

l b s .  It p a r t i a l l y  enc loses  t h e  sample c o n t a i n e r .  A b r a s s  i n t a k e  nozz l e  p o i n t s  
i n t o  t h e  s tream f low.  A s t anda rd  112-inch wading rod  i s  th readed  i n t o  t h e  t op  of 
t h e  sampler body f o r  suspens ion .  

The US DH-59 hand l i n e  d e p t h - i n t e g r a t i n g  sampler ,  i s  made of c a s t  bronze and 
p a r t i a l l y  enc loses  t h e  sample c o n t a i n e r .  It weighs about  22 l b s ,  and i s  equipped 
w i t h  t a i l  vanes t o  o r i e n t  t h e  i n t a k e  nozz le  i n t o  t h e  approaching f low. This  
sampler i s  suspended on a s u i t a b l e  hand l i n e .  

The US D-49 i s  a  62-lb bronze d e p t h - i n t e g r a t i n g  sampler .  A hinged head 
from which t h e  nozz l e  p r o j e c t s  i n t o  t h e  s tream flow, permi ts  a c c e s s  t o  t h e  sample 
c o n t a i n e r ,  which i s  enc losed  i n  t h e  sampler body. T a i l  vanes o r i e n t  t h e  
ins t rument  i n t o  t h e  s t ream f low.  The sampler i s  suspended on a s t e e l  c a b l e  and 
i s  lowered and r a i s e d  by means of a  r e e l  mounted on a  c r ane .  



P o i n t - I n t e g r a t i n g  Samplers 

P o i n t - i n t e g r a t i n g  samplers  c o l l e c t  a  water-sediment  mixture  a t  one p o i n t  i n  
t h e  c r o s s - s e c t i o n  of a  s t ream.  The sample i s  i n t e g r a t e d  over  t h e  d u r a t i o n  of t h e  
sampling t ime.  The p o i n t - i n t e g r a t i n g  samplers  a r e  shaped l i k e  t h e  62-lb depth  
i n t e g r a t i n g  sampler (US D-49, F i g .  1 )  and a r e  equipped w i t h  a  v a l v e  t h a t  can be  
ope ra t ed  e l e c t r i c a l l y  a f t e r  t h e  ins t rument  has been lowered t o  t h e  sampling p o i n t .  
The v a l v e  has e i t h e r  two o r  t h r e e  p o s i t i o n s :  (1)  a  p o s i t i o n  f o r  e q u a l i z i n g  t h e  
a i r  p r e s s u r e  i n  t h e  b o t t l e  w i t h  t h e  h y d r o s t a t i c  p r e s s u r e  a t  t h e  sampling p o i n t ;  
( 2 )  t h e  sampling p o s i t i o n ,  and (3)  a  c l o s e d  p o s i t i o n  ( i n  some samplers  p o s i t i o n  
(1)  i s  used  a s  a  c lo sed  p o s i t i o n ) .  The samplers  a r e  made of c a s t  b ronze ,  and a r e  
equipped w i t h  t a i l  vanes,  a  p re s su re -equa l i z ing  chamber, and a  hinged head t h a t  
c o n t a i n s  t h e  nozz l e ,  v a l v e ,  and v a l v e  o p e r a t i n g  mechanism. The hinged head 
p rov ides  acces s  t o  t h e  sample c o n t a i n e r  which i s  a  round g l a s s  p i n t  mi lk  b o t t l e  
enc losed  i n  t h e  sampler body. An exhaust  p o r t  on t h e  s i d e  of each sampler head 
a l lows  a i r  t o  escape  a s  t h e  sample c o n t a i n e r  f i l l s .  The samplers a r e  suspended 
on a  two-conductor s t e e l  c a b l e ,  r e e l ,  and c r ane .  

The US P-46-R sampler weighs 100 l b s .  It can be  used f o r  p o i n t - i n t e g r a t i o n  
o r  t o  dep th  i n t e g r a t e  on a  r o u n d - t r i p  b a s i s  t o  a  dep th  of 18 f t  o r  i n  one 
d i r e c t i o n  t o  a  depth  of 30 f t .  Grea t e r  depths  can b e  i n t e g r a t e d  by d i v i d i n g  t h e  
t o t a l  depth  i n t o  two o r  more s e c t i o n s  of no t  more t han  30 f t  each.  The sampler 
has a  r o t a r y  v a i v e  which i s  ope ra t ed  e l e c t r i c a l l y  by a  r o t a r y  so l eno id  t h a t  has 
t h e  t h r e e  p o s i t i o n s  mentioned above. A s i g n a l  i n d i c a t e s  when t h e  v a l v e  i s  i n  t h e  
sampling p o s i t i o n .  The v a l v e  i s  ope ra t ed  by a  te lephone  d i a l  swi tch  a t  t h e  
o b s e r v e r ' s  s t a t i o n .  

A new 100-lb US P-61 p o i n t - i n t e g r a t i n g  sampler i s  be ing  developed. Two 
d i f f e r e n t  va lve  mechanisms have been t e s t e d .  I n  t h e  f i r s t  mechanism a  r o t a r y  
so l eno id ,  when energ ized ,  t u r n s  a  r o t a r y  v a l v e  from t h e  normally c lo sed  and 
p r e s s u r e  e q u a l i z i n g  p o s i t i o n  t o  t h e  sampling p o s i t i o n  and holds  t h e  va lve  open i n  
t h e  sampling p o s i t i o n  a s  long  a s  t h e  so l eno id  i s  ene rg i zed .  I n  t h e  o t h e r  
mechanism, t h e  r o t a r y  v a l v e  has t h r e e  p o s i t i o n s  and t h e  v a l v e  i s  tu rned  by a  
s p r i n g  and r a t c h e t .  A l e v e r  on t h e  s i d e  of t h e  head i s  used t o  cock t h e  mechanism 
t o  t h e  f i r s t  o r  p r e s s u r e  e q u a l i z i n g  p o s i t i o n ,  and a  so l eno id  t r i p s  t h e  r a t c h e t  t o  
l e t  t h e  s p r i n g  t u r n  t h e  va lve  t o  t h e  second and t h i r d  p o s i t i o n s ,  s u c c e s s i v e l y .  

The US P-50 sampler i s  3 f t  8 i n .  long  and weighs 300 l b s .  E i t h e r  a  1 q u a r t  
o r  a  1 p i n t  round g l a s s  mi lk  b o t t l e  i s  used a s  a  sample c o n t a i n e r .  An 
e l e c t r i c a l l y  ope ra t ed  s l i d e  v a l v e  has two p o s i t i o n s .  The v a l v e  i s  he ld  i n  t h e  
e q u a l i z i n g  p o s i t i o n  by a  s p r i n g .  So leno ids ,  when e l e c t r i c a l l y  energ ized ,  hold 
t h e  v a l v e  i n  t h e  sampling p o s i t i o n .  This  sampler may be  used i n  h igh  v e l o c i t i e s  
and i n  depths  t o  200 f t .  

Bed-Material  Samplers 

A bed-mater ia l  sampler c o l l e c t s  a  sample of t h e  sediment mixture  of which 
t h e  s t ream bed i s  composed. It should  n o t  b e  confused w i t h  a  bed-load d i scha rge  
sampler which samples t h e  r a t e  of d i s c h a r g e  of sediment moving a s  bed load .  Only 
bed-mater ia l  samplers a r e  desc r ibed  h e r e .  



The US BMH-53 i s  a  p i s t o n  type  hand sampler t h a t  i s  used t o  c o l l e c t  a  sample 
of  sediment from t h e  bed of  a  s t ream which can b e  waded. The sampler c o n s i s t s  of 
a  c y l i n d e r  t h a t  i s  2  i n .  i n  d iameter  and 8 i n .  long  which can b e  p re s sed  i n t o  t h e  
s tream bed manually. A p i s t o n  i n s i d e  t h e  c y l i n d e r  r e t r a c t s  a s  t h e  c y l i n d e r  i s  
p r e s sed  i n t o  t h e  bed. It h e l p s  r e t a i n  t h e  sample when t h e  sampler i s  withdrawn 
and then  i s  used t o  push t h e  sample from t h e  c y l i n d e r .  The o v e r a l l  l e n g t h  of t h e  
sampler i s  46 i n .  

The US BMH-60 i s  a  30- lb  sampler 22 in. ,  long,  made of c a s t  aluminum, and 
used from a hand l i n e  t o  c o l l e c t  a  sample from t h e  bed of a  s t ream,  l a k e ,  o r  
r e s e r v o i r .  A c ross -curved  cons t an t - to rque  (Negator) s p r i n g  d r i v e s  a  s i n g l e  bucket  
t h a t  swings out  of t h e  sampler body t o  scoop up and completely surround a sample 
of  about  160 c c  from t h e  t o p  2 i n .  of t h e  s treambed.  When t h e  sampler i s  
suppor ted  by t h e  hand l i n e  and t h e  s a f e t y  yoke i s  i n  p l a c e ,  t h e  bucket  can  be  
cocked t o  t h e  open p o s i t i o n  i n  which t h e  bucket  i s  completely r e t r a c t e d  i n t o  t h e  
sampler body. As long a s  t h e  s a f e t y  yoke i s  i n  p l a c e  on t h e  hanger ,  t h e  bucket  

mechanism cannot  b e  r e l e a s e d .  When t h e  sampler i s  suppor ted  by t h e  hand l i n e  and 
t h e  yoke i s  removed, a  sample can b e  t aken  by lowering t h e  sampler on to  t h e  s tream 
bed u n t i l  t h e  suspension l i n e  i s  s l a c k .  When t h e  sampler r e s t s  on t h e  s treambed,  
t h e  mechanism t r i p s  and a sample i s  taken  from t h e  bed.  

The US BM-54 i s  a  100- lb  c a s t  i r o n ,  bed-mater ia l  sampler ,  22 i n .  long .  When 
suppor ted  by a  s t e e l  c a b l e ,  t h e  bucket  can b e  cocked t o  t h e  open o r  sampling 
p o s i t i o n .  When t e n s i o n  on t h e  c a b l e  i s  r e l e a s e d  by r e s t i n g  t h e  sampler on t h e  
s treambed,  t h e  mechanism i s  t r i p p e d ;  and t h e  s i n g l e  bucket ,  powered by a  s p i r a l  

s p r i n g ,  swings ou t  of t h e  bottom of t h e  sampler body and scoops a  sample from t h e  
top  2 i n .  of t h e  s treambed.  The bucket  surrounds and enc loses  t h e  sample i n  such 
a way t h a t  none of t h e  sediment  i s  washed o u t .  

AUTOMATIC SAMPLERS 

Two types  of s o - c a l l e d  au tomat ic  suspended-sediment samplers  have been 
designed and t e s t e d  by t h e  p r o j e c t .  One i s  c a l l e d  t h e  s i n g l e - s t a g e  sampler ,  and 
t h e  o t h e r  i s  t h e  pumping sampler which has  t h r e e  methods f o r  hand l ing  t h e  sediment 
samples.  These samplers  a r e  au tomat ic  i n  t h a t  they  may b e  i n s t a l l e d  a t  t h e  
sampling s t a t i o n  and s e t  t o  c o l l e c t  samples even when unat tended .  

S ingle-Stage  Sampler 

A s i n g l e - s t a g e  sampler i s  a  s imple dev ice ,  which was developed f o r  u s e  on 
f l a s h y  and i n t e r m i t t e n t  s t r eams ,  a t  remote o r  n o t  e a s i l y  a c c e s s i b l e  s i t e s  where 
adequate  samples cannot  b e  ob ta ined  manually.  11 The sampler (F ig .  1 )  c o n s i s t s  of 
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a  c o n t a i n e r  equipped w i t h  i n t a k e  and exhaust  tubes  designed t o  o b t a i n  a  s i n g l e  
suspended-sediment sample a u t o m a t i c a l l y  when t h e  wa te r  s u r f a c e  f i r s t  r i s e s  t o  a  
s e l e c t e d  s t a g e  t h a t  submerges t h e  sampler .  The sample i s  c o l l e c t e d  w i t h  r e s p e c t  
t o  gage h e i g h t  and no t  t ime.  

Samples t aken  w i t h  s i n g l e - s t a g e  samplers a r e  no t  a s  r e p r e s e n t a t i v e  of  t h e  
sediment concen t r a t i on  i n  t h e  s t ream c r o s s  s e c t i o n  a s  a r e  samples taken  w i t h  
manual samplers ,  t h e r e f o r e ,  t h e  l a t t e r  samplers  should b e  g iven  primary cons ide r -  
a t i o n  a t  every s t a t i o n .  However, t h e  s i n g l e - s t a g e  sampler provides  a  means of 
o b t a i n i n g  some suspended-sediment d a t a  f o r  s t reams o r  s torms which would not be 
sampled o the rwi se .  

A s i n g l e - s t a g e  sampler i n s t a l l a t i o n  c o n s i s t s  of f i v e  b a s i c  p a r t s :  

(1)  A sample c o n t a i n e r  such a s  a  1 - p i n t  g l a s s  mi lk  b o t t l e .  

( 2 )  A siphon-shaped copper a i r - e x h a u s t  t ube ,  w i t h  an  i n s i d e  d iameter  of 
about  3/16 i n .  

( 3 )  A siphon-shaped copper i n t a k e  tube  and nozz l e ,  w i t h  an 

i n s i d e  d iameter  of about  3/16 i n .  

( 4 )  A t i g h t - f i t t i n g  s toppe r  which s e a l s  t h e  b o t t l e  and has 
two ho le s  which hold  t h e  tubes  t i g h t l y  i n  p l a c e .  

(5) A r ack  f o r  suppor t i ng  and p r o t e c t i n g  one o r  more samplers 
one above t h e  o t h e r ,  t o  sample a t  d i f f e r e n t  s t a g e s .  

S i n g l e - s t a g e  samplers have t h e  fo l lowing  d e s i r a b l e  q u a l i t i e s :  

(1)  Samplers may be  i n s t a l l e d  a t  t h e  s t a t i o n  w e l l  i n  advance 

of a  f l o o d  o r  r i s i n g  s t a g e .  

(2) No one need be  p r e s e n t  a t  t h e  t ime of sampling.  

(3)  Samples may be  obta ined  a t  predetermined s t a g e s  of t h e  s t ream.  

(4)  Sampling appa ra tus  i s  inexpens ive .  

L imi t a t i ons  of t h e  sampler which may cause  e r r o r s  a r e :  

(1) Samples a r e  c o l l e c t e d  a t  o r  nea r  t h e  s t ream s u r f a c e ,  and 

u s u a l l y  near  t h e  edge of  t h e  s tream o r  nea r  a  p i e r  o r  abutment. 

( 2 )  S i z e ,  shape,  and o r i e n t a t i o n  of i n t a k e  and a i r  exhaust  elements 
may f a i l  t o  provide  i n t a k e  r a t i o s  (average  v e l o c i t y  i n  n o z z l e  
t o  s t ream v e l o c i t y  approaching nozz l e )  s u f f i c i e n t l y  c l o s e  t o  

u n i t y  t o  sample sands a c c u r a t e l y .  



( 3 )  Obs t ruc t ions  due t o  t h e  presence  of t r a s h  and d r i f t  dur ing  
sampling may c r e a t e  u n n a t u r a l  flow l i n e s  a t  t h e  sampler 
nozz l e  and cause i n a c c u r a t e  sampling, which may n o t  be  
d e t e c t a b l e  l a t e r .  

(4)  Flow may c i r c u l a t e  through t h e  sampler a f t e r  t h e  o r i g i n a l  
sample has been c o l l e c t e d .  

Four types  of s i n g l e - s t a g e  samplers  have been designed f o r  d i f f e r e n t  
sampling c o n d i t i o n s .  The v e r t i c a l - i n t a k e  type  i s  a c c u r a t e  on ly  f o r  sediments  
f i n e r  t han  0.062 mm, f o r  wa te r - su r f ace  su rges  l e s s  t han  4 i n .  and f o r  v e l o c i t i e s  
t h a t  a r e  reasonably  low a t  t h e  sampling p o i n t .  I t s  sampling e f f i c i e n c y  u s u a l l y  
i s  l i t t l e  a f f e c t e d  by d r i f t  and d e b r i s ,  by c i r c u l a t i o n  through t h e  sampler ,  o r  
by a  r ea sonab le  amount of s h i e l d i n g  i f  t h e  sediments  a r e  f i n e .  

Any one of t h r e e  h o r i z o n t a l  i n t a k e  nozz l e s  may b e  used t o  sample sands a s  
w e l l  a s  f i n e  sed iments .  The i n t a k e  nozz l e s  a r e  i n c l i n e d  downward a t  20°, 150 o r  
100 t o  p reven t  d e p o s i t i o n  of sediment i n  t h e  i n t a k e  p r i o r  t o  sampling. The 
sma l l e r  ang le s  a r e  used w i t h  h i g h e r  v e l o c i t i e s  because a t  h igh  v e l o c i t i e s  sediment 

i s  l e s s  l i k e l y  t o  d e p o s i t  i n  t h e  nozz l e .  The h e i g h t  of t h e  siphon-shaped i n t a k e  
and exhaus t  tubes i s  s e l e c t e d  t o  accommodate t h e  v e l o c i t y  and su rge  c o n d i t i o n s  a t  
t h e  sampling s i t e .  

Pumping Samplers 

Pumping samplers  w i t h  t h r e e  d i f f e r e n t  sample hand l ing  systems have been 
developed and t e s t e d .  2/ -These samplers  a u t o m a t i c a l l y  o b t a i n  f r equen t  samples of 
suspended-sediment concen t r a t i on  of a  s t ream t h a t  may no t  be  r e a d i l y  a c c e s s i b l e  
t o  an obse rve r .  Samples a r e  t aken  from one p o i n t  i n  t h e  s t ream,  t h e  p o i n t  a t  
which t h e  pumping i n t a k e  i s  l o c a t e d .  Each sampler c o n s i s t s  of an i n t a k e ,  pumping 
system, and sediment handl ing  system. 

The i n t a k e  can be  a  1 - i n .  opening i n  a  p l a t e  mounted f l u s h  on t h e  f a c e  of a  
gu ide  w a l l  t h a t  i s  p a r a l l e l  t o  t h e  s tream flow. The inf low i s  through a hose  t o  
a  pump t h a t  d e l i v e r s  t h e  sample t o  a  c o l l e c t i n g  and r eco rd ing  system. A t r a p  i n  
t h e  i n t a k e  l i n e  p reven t s  small  f i s h  from reach ing  and jamming t h e  pump. Any 
o b s t r u c t i o n  lodged i n  t h e  t r a p  i s  f l u shed  back t o  t h e  s t ream j u s t  b e f o r e  sampling 
The pumping system i s  opera ted  by a  t iming  dev ice  which can be  a d j u s t e d  t o  t a k e  
samples a t  any d e s i r e d  f requency .  A s a f e t y  system s h u t s  o f f  t h e  sampler f o r  12 
hours i f  t h e  wa te r  l e v e l  f a l l s  below t h e  i n t a k e  o r  t h e  i n t a k e  i s  o b s t r u c t e d .  

I n  t h e  accumulated weight  r eco rd ing  system, samples e n t e r  a  s e t t l i n g  t ank  
where t h e  sediment s e t t l e s  on to  a  t r a y .  The accumulated weight  of sediment i s  
measured by a  sp r ing - t r ans fo rmer  s c a l e  and recorded  on a s t r i p  c h a r t .  The 
pumping, c o l l e c t i o n ,  and r eco rd ing  equipment a r e  housed i n  an 8 by 1 0 - f t  s h e l t e r  
The system has  a  t o t a l  c a p a c i t y  of 1,300 l b s  of sediment and r eco rds  accumulated 
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weight  t o  t h e  n e a r e s t  2  o r  3 l b s  throughout  each of t h i r t e e n  100- lb  increments .  
The average  concen t r a t ion  of suspended sediment i s  computed from t h e  weight  of 
sediment accumulated on t h e  t r a y  and t h e  volume of pumped sample f o r  t h e  measure- 
ment pe r iod .  This  sampler o b t a i n s  a  time-weighted concen t r a t ion  t h a t  i s  a c c u r a t e  
f o r  f i n e  sands and coa r se  s i l t s  du r ing  per iods  of s t eady  flow; bu t  sudden, o r  
s h o r t  t ime,  changes i n  concen t r a t ion  may not  be  de f ined .  

The sediment volume reco rd ing  system (Fig .  2) c o n s i s t s  o f :  a  r a c k  which 
suppor t s  12 sedimenta t ion  tubes  each having a  c o n s t r i c t e d  s e c t i o n  a t  t h e  bottom 
f o r  measuring sediment volume, a  16-mm movie camera f o r  r eco rd ing  t h e  column of 
sediment and t h e  water  l e v e l  i n  t h e  sedimenta t ion  tube ,  and a  concen t r i c  b o t t l e  
r a c k  which c a r r i e s  72 p ink  mi lk  b o t t l e s  f o r  c o l l e c t i n g  check samples f o r  ana lyses  
i n  t h e  l a b o r a t o r y .  A sample i s  pumped i n t o  one of t h e  sedimenta t ion  tubes  each 
h a l f  hour.  About 5  112 hours l a t e r ,  t h e  camera takes  a  p i c t u r e  of t h e  
accumulat ion of sediment i n  t h e  c o n s t r i c t e d  s e c t i o n  of  t h e  tube  and a l s o  of t h e  
he igh t  of water  i n  t h e  tube .  Then t h e  tube  d r a i n s  i n  p r e p a r a t i o n  f o r  t a k i n g  
ano the r  sample 6  hours a f t e r  t h e  previous  sample was taken .  The volume of  each 
sedimenta t ion  tube  has been c a l i b r a t e d  a g a i n s t  h e i g h t  of f i l l i n g  s o  t h a t  t h e  
volume of t h e  sample and t h e  volume of accumulated sediment can b e  determined from 

t h e  p i c t u r e .  The r e l a t i o n  of volume r a t i o  t o  weight concen t r a t ion  i s  determined 

f o r  va r ious  p a r t i c l e  s i z e  ranges  of sediment encountered a t  a  sampling 
s t a t i o n .  A s p l i t t e r  on top  of one of t h e  12 sedimenta t ion  tubes  d i v e r t s  p a r t  of 
t h e  sample t o  a  p ink  mi lk  b o t t l e  every 6  hour s .  The mi lk  b o t t l e  sample may be 
analyzed l a t e r  i n  t h e  l a b o r a t o r y  a s  a  check on t h e  concen t r a t ion  ob ta ined  from 
t h e  p i c t o r i a l  r eco rd .  This  method i s  n o t  always s a t i s f a c t o r y  where t h e  percentage  
of c l a y  and s i l t  i s  h igh  because t h e  water  may be too  t u r b i d  f o r  a  good p i c t u r e  
of  t h e  water-sediment  i n t e r f a c e .  

The indiv idual -sample  b o t t l i n g  system (Fig .  2 ) ,  c o l l e c t s  samples i n  p ink  
mi lk  b o t t l e s  f o r  a n a l y s i s  i n  t h e  l abo ra to ry .  The sample handl ing  system c o n s i s t s  
of two concen t r i c  b o t t l e  r a c k s ,  one above t h e  o t h e r ,  which c a r r y  a  t o t a l  of  145 
p i n t  mi lk  b o t t l e s .  Tubes through t h e  upper r a c k  guide t h e  sample t o  b o t t l e s  on 
t h e  lower r ack .  A s p e c i a l  pen r eco rds  sampling c y c l e s  on a  r i v e r  s t a g e  r e c o r d e r .  
The b o t t l i n g  system can be  a d j u s t e d  t o  o p e r a t e  f o r  any d e s i r e d  sampling frequency 
and f o r  any range of  r i v e r  s t a g e  by means o f  a  c y c l i n g  swi tch  and f l o a t  swi tch ,  
r e s p e c t i v e l y .  This  dev ice  can c o l l e c t  samples f o r  a s  long a s  72 days wi thout  
s e r v i c i n g .  It i s  r e l a t i v e l y  s imple and can be made p o r t a b l e .  

SEDIMENT ANALYZING DEVICES 

Two sediment s i z e  ana lyze r s ,  t h e  bottom-withdrawal t ube  and v i s u a l -  
accumulat ion tube ,  have been developed and fou r  o t h e r  devices  f o r  de termining  
suspended-sediment concen t r a t ion ,  o r  concen t r a t ion  and p a r t i c l e  s i z e  d i s t r i b u t i o n ,  
a r e  be ing  i n v e s t i g a t e d .  The dev ices  inc lude  e l e c t r o n i c  s ens ing ,  t u r b i d i t y ,  

u l t r a s o n i c ,  and nuc lea r  equipment. 



Bottom-Withdrawal Tube f o r  S i z e  Analys is  of Sediments 

The bottom-withdrawal tube was developed t o  determine s i z e  d i s t r i b u t i o n  of 
p a r t i c l e s  up t o  0 .7  mm i n  samples of  suspended sediment .  31 This device  i s  a  
g l a s s  t ube  100 cm long and 1 i n .  i n  d iameter  w i t h  a  volumetr ic  s c a l e  a long i t s  
l eng th .  The tube  i s  open a t  t h e  upper end and c o n t r a c t s  t o  114 i n .  a t  t h e  lower 
end, which i s  equipped w i t h  a  qu ick -ac t ing  o u t l e t  v a l v e .  The sample i s  uniformly 
d ispersed  i n  t h e  tube .  Then t h e  tube  i s  p laced  i n  an u p r i g h t  p o s i t i o n  and samples 
of known volume a r e  drawn from t h e  bottom a t  known t ime i n t e r v a l s .  The sediment 
weight i n  each f r a c t i o n  i s  determined by d ry ing  and weighing.  Then t h e  p a r t i c l e  
s i z e  d i s t r i b u t i o n  can be computed by use  o f  an  ~ d d n  cu rve .  The cumulat ive s i z e  
frequency d i s t r i b u t i o n  i s  determined g r a p h i c a l l y  by t h e  i n t e r c e p t s ,  on t h e  
o r d i n a t e  a x i s ,  of  tangents  t o  t h e  0d&n curve .  

Visual-Accumulation Tube f o r  S i z e  Analys is  of  Sands 

The v isua l -accumula t ion  tube  method i s  a  r a p i d  and a c c u r a t e  means f o r  
determining t h e  sed imen ta t ion - s i ze  d i s t r i b u t i o n  of t h e  sand i n  suspended-sediment 

samples and i n  s t ream bed and beach m a t e r i a l  samples. 4/ The s i z e  a n a l y s i s  i s  
based on a  s t r a t i f i e d  sedimenta t ion  system i n  which t h e  sample i s  in t roduced a t  
t h e  top of a  t r a n s p a r e n t  s e t t l i n g  tube  con ta in ing  d i s t i l l e d  water  (F ig .  3 ) .  The 
sediment accumulates i n  a  con t r ac t ed  s e c t i o n  a t  t h e  bottom of t h e  tube .  A 
manually ope ra t ed  pen i s  used t o  t r a c e  t h e  h e i g h t  of sediment accumulation on a  
c h a r t  (F ig .  4) which moves a t  a  uniform speed.  

The equipment c o n s i s t s  of a  sedimenta t ion  tube  and a  s p e c i a l  r eco rde r .  
F ive  s i z e s  of tubes  a r e  a v a i l a b l e .  Four tubes  have l eng ths  of 120 cm and i n s i d e  
diameters  of 1 i n .  except  f o r  t h e  lower ends which have a  c o n s t r i c t e d  sand- 
accumulation s e c t i o n  w i t h  a  diameter  of 2.1,  3 .4 ,  5 .0 ,  o r  7 . 0  mm. Tubes of t h e s e  
s i z e s  can be used  f o r  a n a l y s i s  of samples having a  small  q u a n t i t y  of sand most ly  
l e s s  than 1 mm i n  d iameter .  A f i f t h  s i z e  tube  i s  180 cm long and 2 i n .  i n s i d e  
diameter  and has an  accumulation s e c t i o n  of 10  mm i n s i d e  d iameter .  It i s  used 
f o r  a n a l y s i s  of  bed and beach o r  o t h e r  sands of  coa r se  s i z e s  when s u f f i c i e n t  
q u a n t i t i e s  of m a t e r i a l  a r e  a v a i l a b l e .  

For t h e  v isua l -accumula t ion  tube  method of p a r t i c l e  s i z e  a n a l y s i s  t h e  sand 
po r t ion  of a  suspended-sediment sample i s  s epa ra t ed  from t h e  s i l t  and c l a y  by 
s i ev ing  o r  by sedimenta t ion .  The 180 cm tube  i s  s a t i s f a c t o r y  f o r  ana lyz ing  
samples con ta in ing  sand up t o  2 mm i n  d iameter .  Analyses a r e  i n  terms of f a l l  
v e l o c i t y  of i n d i v i d u a l  p a r t i c l e s  of which t h e  sample i s  composed. A sample can 
be analyzed i n  l e s s  than  10 minutes,  which i s  f a s t e r  than a  s i e v e  a n a l y s i s .  
Experience has shown t h a t  t h i s  sand s i z e  ana lyze r  i s  a  ve ry  s a t i s f a c t o r y  dev ice  
f o r  determining p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  sands i n  t h e  s i z e  range from 0.062 
t o  2  mm. 
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E l e c t r o n i c  Sens ing  of Sediment 

A commercial e l e c t r o n i c  s e n s i n g  dev ice  ( t h e  Cou l t e r  Counter ,  F i g .  5 )  i s  
b e i n g  s t u d i e d  t o  de te rmine  i t s  c a p a c i t y  t o  ana lyze  f l u v i a l  suspended sediments  
f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  and sediment concen t r a t i on .  

The counter  measures and counts  i n d i v i d u a l  p a r t i c l e s  a s  t hey  pas s  through a  
smal l  a p e r t u r e .  A known volume of an  e l e c t r o l y t e  (aqueous s a l t  s o l u t i o n )  t h a t  
c o n t a i n s  t h e  p a r t i c l e s  i n  d i l u t e  suspens ion  i s  drawn through t h e  a p e r t u r e .  The 
r e s i s t a n c e  between e l e c t r o d e s  on each s i d e  of t h e  a p e r t u r e  changes whenever a  
p a r t i c l e  d i s p l a c e s  p a r t  of t h e  l i q u i d  i n  t h e  a p e r t u r e .  A c o n s t a n t  v o l t a g e  i s  
imposed on t h e  e l e c t r o d e s  s o  t h a t  t h e  change i n  r e s i s t a n c e  produces an  e l e c t r i c a l  
p u l s e  t h a t  i s  p r o p o r t i o n a l  t o  p a r t i c l e  volume. The e l e c t r i c a l  p u l s e s  a r e  

a m p l i f i e d  s o  t h a t  t hey  can  be  screened  a s  t o  s i z e  and counted.  

The counter  has  an a d j u s t a b l e  t h r e s h o l d  l e v e l  below which e l e c t r i c a l  
p u l s e s  a r e  no t  counted.  The th re sho ld  can be  s e t  s o  h igh  t h a t  none o r  on ly  a  few 
of t h e  l a r g e s t  p a r t i c l e s  a r e  counted.  Then i t  can be lowered i n  s u c c e s s i v e  
s t e p s  and a  count  of p u l s e s  l a r g e r  t han  each s t e p  can be  t aken .  The r e l a t i o n  of  
p u l s e  he igh t  t o  p a r t i c l e  volume can b e  e s t a b l i s h e d  by c a l i b r a t i o n  w i t h  p a r t i c l e s  

of a  known s i z e .  Thus, t h e  number of p a r t i c l e s  i n  each s i z e  range  can b e  
de termined .  

T e s t s  i n d i c a t e  t h a t  composi t ion o r  d e n s i t y  of t h e  p a r t i c l e s  has l i t t l e  o r  
no e f f e c t  on r e s u l t s  of t h e  a n a l y s i s .  The ana lyze r  seems t o  be  an  a c c u r a t e  
method f o r  de te rmining  t h e  number and s i z e  of p a r t i c l e s  i n  t h e  s i l t  s i z e  range .  

T u r b i d i t y  Method 

The t u r b i d i t y  method of ana lyz ing  sediment i s  be ing  s t u d i e d .  The equipment 
(F ig .  6 )  c o n s i s t s  of a  pump and r e - c i r c u l a t i n g  system, s ed imen ta t ion  chamber, and 
General  E l e c t r i c  Recording Turbid imeter ,  which con ta in s  a  t u r b i d i t y  d e t e c t o r  and 
a r e c o r d e r .  Tu rb id i ty ,  which i s  t h e  c loud ines s  i n  a  l i q u i d ,  i s  measured by a  
p h o t o v o l t a i c  c e l l  i n  t h e  d e t e c t o r  and i n t e r p r e t e d  i n  t h e  r eco rde r  a s  t h e  r a t i o  of  
t h e  l i g h t  s c a t t e r e d  by t h e  p a r t i c l e s  i n  t h e  l i q u i d  t o  t h e  l i g h t  t r a n s m i t t e d  
through t h e  l i q u i d .  The t r a n s m i t t e d  l i g h t  i s  measured f o r  15 s e c ,  t h e  s c a t t e r e d  
l i g h t  f o r  45 s e c ,  and t h e  r a t i o  i s  computed and recorded  du r ing  t h e  l a t t e r  p e r i o d .  
This  c y c l e  i s  r epea t ed  con t inuous ly .  S t a b i l i t y  of t h e  r a t i o  measurement i s  
ach ieved  by u s i n g  a  s i n g l e  l i g h t  sou rce  and a  s i n g l e  pho tovo l t a i c  c e l l .  

The t u r b i d i t y  method f o r  de te rmining  p a r t i c l e  s i z e  d i s t r i b u t i o n  and 
c o n c e n t r a t i o n  i n  a  suspended-sediment sample c o n s i s t s  of two s t e p s .  T u r b i d i t y  of 
a  sample be ing  pumped through t h e  d e t e c t o r  i s  recorded  cont inuous ly  f o r  determin-  
a t i o n  of concen t r a t i on .  For  p a r t i c l e  s i z e  de t e rmina t ion ,  t h e  flow i s  suddenly 
s topped  and t u r b i d i t y  i s  recorded  a g a i n s t  t ime a s  p a r t i c l e s  s e t t l e  o u t  of 

suspens ion .  P a r t i c l e s  of uniform d e n s i t y  and shape f a l l  a t  r a t e s  p r o p o r t i o n a l  
t o  t h e i r  s i z e ,  and l i g h t  i s  obscured i n  p ropor t i on  t o  p a r t i c l e  s i z e  and 



concen t r a t i on .  The r e l a t i v e  weight  of each p a r t i c l e  s i z e  group r e q u i r e d  t o  
obscure l i g h t  t o  a  g iven  degree  i s  r ep re sen ted  by a  h i d i n g  f a c t o r .  The weight  of 

sediment i n  each s i z e  group i s  computed i n  pe rcen tage  of t h e  t o t a l  f o r  each 

incremental  change i n  t u r b i d i t y  by u s i n g  t h e  equ iva l en t  h i d i n g  f a c t o r  and making 
adjustment  f o r  c o n c e n t r a t i o n .  

C a l i b r a t i o n  t e s t s  of t h i s  method were made t o  determine t h e  r e l a t i o n  of 
t u r b i d i t y  t o  t h e  c h a r a c t e r i s t i c s  of v a r i o u s  t ypes  of sediment .  Observed t u r b i d i t y  
and s e t t l i n g  t ime were r e l a t e d  g r a p h i c a l l y  f o r  each t e s t e d  concen t r a t i on .  
P a r t i c l e  s i z e  was computed by S tokes '  Law f o r  s e t t l i n g  t ime and tempera ture  

observed i n  t h e  t e s t s .  Then p a r t i c l e  s i z e  was r e l a t e d  t o  t u r b i d i t y  g r a p h i c a l l y  
through common v a l u e s  of s e t t l i n g  t ime.  S i z e  d i s t r i b u t i o n  was computed a s  
cumulat ive pe rcen tage  of each s i z e  f r a c t i o n  and was p re sen ted  by a  l o g - p r o b a b i l i t y  
p l o t  on which cumula t ive  percentage  f i n e r  i s  p l o t t e d  a g a i n s t  s i z e .  P a r t i c l e  s i z e  

d i s t r i b u t i o n  i s  de f ined  by computing, from t h e  l o g - p r o b a b i l i t y  graph,  t h e  
geometric mean d iameter  and t h e  geometr ic  s t anda rd  d e v i a t i o n .  

A f t e r  p a r t i c l e  s i z e  has been determined,  c o n c e n t r a t i o n  i s  found from a  
I 

' c a l i b r a t i o n  graph (F ig .7)  i n  which t u r b i d i t y  i s  p l o t t e d  w i t h  r e s p e c t  t o  
concen t r a t i on ,  and t h e  geometr ic  mean d i ame te r ,  dg, and t h e  geometr ic  s t anda rd  
d e v i a t i o n ,  wg, a r e  used a s  a d d i t i o n a l  parameters .  A graph such a s  t h a t  of 
F igu re  7 i s  p repared  from t e s t s  on known samples of  t h e  p a r t i c u l a r  t ype  of 
sediment t h a t  i s  t o  b e  ana lyzed .  

The t u r b i d i m e t e r  can b e  a d j u s t e d  t o  measure f a i r l y  a c c u r a t e l y ,  a  wide range  
of concen t r a t i ons ,  from a s  small  a s  0  t o  10  ppm t o  a s  l a r g e  a s  0  t o  100,000 ppm. 
Also ,  i t  can measure t h e  s i z e s  of p a r t i c l e s  w i t h i n  t h e  approximate range  from 
0.020 t o  0.120 mm. F i n e r  p a r t i c l e s  s e t t l e  s o  s lowly  t h a t  a  t e s t  may t ake  an 
exces s ive ly  l ong  t ime,  whereas c o a r s e r  p a r t i c l e s  s e t t l e  s o  r a p i d l y  t h a t  an  
unreasonably t a l l  sed imenta t ion  chamber may be  r e q u i r e d .  

The p r i n c i p l e  of  t h e  t u rb id ime te r  appears  t o  be  a d a p t a b l e  t o  a  f i e l d  
instrument  f o r  moni tor ing  concen t r a t i ons  and p a r t i c l e  s i z e  d i s t r i b u t i o n s  of 
suspended sediment pumped cont inuous ly  from a  s t ream.  

The r e s u l t s  of a  p a r t i c l e  s i z e  a n a l y s i s  (F ig .  8) of a  prepared  sample of 
g l a s s  beads were about  t h e  same whether  made w i t h  t h e  Cou l t e r  Counter,  t h e  
t u rb id ime te r ,  o r  t h e  v isua l -accumula t ion  tube .  

U l t r a s o n i c  Method 

U l t r a s o n i c  equipment i s  be ing  developed t o  de te rmine  s i z e  d i s t r i b u t i o n  and 
concen t r a t i on  of sediments  i n  s i z e s  from 0.040 t o  1 . 0  mm. 

I n  t h i s  equipment (F ig .  9 )  a  h igh  f requency  e l e c t r i c a l  c u r r e n t  i s  imposed 
on a  q u a r t z  c r y s t a l  f o r  about  s i x  micro-seconds a t  a  r e p e t i t i o u s  r a t e  of 200 t imes 
a  second. The q u a r t z  c r y s t a l ,  which i s  mounted i n  t h e  w a l l  of a  sed imenta t ion  
tube ,  conve r t s  t h e  e l e c t r i c a l  p u l s e s  i n t o  d isp lacement  p u l s e s  o r  sound waves. The 



wave passes  through t h e  f l u i d  i n  t h e  sediment chamber and s t r i k e s  a  second c r y s t a l  
i n  t h e  w a l l  on t h e  o t h e r  s i d e .  The two c r y s t a l s  a r e  of  matched f r equenc ie s .  The 
second c r y s t a l  a c t s  a s  a  t r ansduce r  and conve r t s  t h e  sound wave t o  a  secondary 
e l e c t r i c a l  c u r r e n t .  The e l e c t r i c a l  c u r r e n t  i s  f e d  back through an  a t t e n u a t o r  and 
d i sp l ayed  on an o s c i l l o s c o p e .  

The e f f e c t  of sediment on a t t e n u a t i o n  of t h e  sound wave i s  determined a s  
fo l lows :  With water  i n  t h e  sediment chamber, t h e  top of t h e  o s c i l l o s c o p e  t r a c e  
i s  a d j u s t e d  t o  a  r e f e r e n c e  l i n e  on t h e  o s c i l l o s c o p e  sc reen .  Then sediment i s  
in t roduced i n t o ,  and c i r c u l a t e d  through,  t h e  sedimenta t ion  chamber. The presence  
of t h e  sediment reduces t h e  h e i g h t  of t h e  t r a c e .  E l e c t r i c a l  r e s i s t a n c e  i s  removed 
from t h e  a t t e n u a t o r  i n  t h e  secondary e l e c t r i c a l  c i r c u i t  u n t i l  t h e  t r a c e  i s  
r e s t o r e d  t o  t h e  o r i g i n a l  he igh t  on t h e  o s c i l l o s c o p e .  The e l e c t r i c a l  r e s i s t a n c e  
t h a t  was removed i s  a  d i r e c t  measure of t h e  energy l o s s  caused by t h e  a d d i t i o n  of  
t h e  sediment .  The energy l o s s  v a r i e s  d i r e c t l y  a s  t h e  concen t r a t ion  of sediment .  

Unfor tunate ly ,  a t t e n u a t i o n  of u l t r a s o n i c  energy depends a s  much on p a r t i c l e  
s i z e  a s  on concen t r a t ion .  Although t h e  u l t r a s o n i c  equipment can be  c a l i b r a t e d  t o  
de termine  quickly  and a c c u r a t e l y  t h e  concen t r a t ion  of  sediment of a  known s i n g l e  
s i z e ,  o r  a  s i n g l e  s i z e  d i s t r i b u t i o n ,  t h e  de t e rmina t ion  of t h e  concen t r a t ion  of 
sediment of an unknown s i z e  d i s t r i b u t i o n  i s  d i f f i c u l t .  For  sediments t h a t  have a  
s i z e  d i s t r i b u t i o n  t h a t  can be expressed by two parameters  such a s  t h e  geometric  

mean diameter  and t h e  geometric  s t anda rd  d e v i a t i o n ,  i t  i s  p o s s i b l e  t o  de termine  
t h e  s i z e  d i s t r i b u t i o n  i n  an unknown sample. C a l i b r a t i o n  and a n a l y s i s  must cover 
a  r ange  of about  10 f r equenc ie s .  A f t e r  t h e  s i z e  d i s t r i b u t i o n  i s  determined,  t h e  
concen t r a t ion  can be found. 

The u l t r a s o n i c  equipment o p e r a t e s  reasonably  w e l l  i n  t h e  l a b o r a t o r y ,  
a l t hough  f u r t h e r  development w i l l  be  needed be fo re  it w i l l  be compet i t ive  w i t h  
more common l a b o r a t o r y  methods of  a n a l y s i s .  The p o t e n t i a l  f o r  f i e l d  u s e  has  n o t  
been evalua ted  . 

Nuclear Approach t o  Analys is  of  Sediment 

The p o s s i b i l i t y  of u s ing  r a d i o i s o t o p e s  f o r  determining t h e  concen t r a t ion  of 
suspended sediments i s  be ing  i n v e s t i g a t e d .  The Atomic Energy Commission and 
Pa rame t r i c s ,  Incorpora ted ,  a r e  coope ra t ing  w i t h  t h e  Inter-Agency Sedimentat ion 
P r o j e c t  on a  s tudy of nuc lea r  p o s s i b i l i t i e s .  

The f i r s t  phase of t h e  i n v e s t i g a t i o n  i s  a  s tudy by Pa rame t r i c s ,  
Inco rpora t ed ,  of t h e  f e a s i b i l i t y  of u s ing  x- ray  e m i t t i n g  r ad io i so topes  f o r  t h e  
measurement of t h e  s o l i d - l i q u i d  r a t i o  i n  n a t u r a l  w a t e r s .  The i n v e s t i g a t i o n  i s  
bo th  t h e o r e t i c a l  and experimental  w i t h  emphasis on t h e  fo l lowing i tems:  

(1) Chemical cons t i t uency  and v a r i a t i o n  of sediment and f low. 

( 2 )  I n v e s t i g a t i o n  t o  determine whether x- ray ,  gamma, o r  b e t a  
e m i t t e r s  a r e  b e s t .  



(3)  A f t e r  s e l e c t i o n  of a  gene ra l  t ype  of e m i t t e r ,  de t e rmina t ion  
of a v a i l a b i l i t y ,  c o s t ,  and l i c e n s i n g  p o t e n t i a l .  

( 4 )  I f  a  s i n g l e  i s o t o p e  i s  s t r o n g l y  sugges ted  from 3, f u r t h e r  s tudy  
of t h i s  i s o t o p e  on ly .  Otherwise,  t h e  b e s t  two i s o t o p e s  w i l l  b e  

cons ide red  f o r  t h e  remaining p a r t s  of t h e  i n v e s t i g a t i o n .  I f  
t h e  mu l t i sou rce  method seems b e s t ,  s e v e r a l  i s o t o p e s  w i l l  b e  
cons ide red .  

(5 )  P r e d i c t i o n  of d e t e c t o r  response ,  accuracy  i n  de te rmining  
percentage  of s o l i d s ,  and source  s t r e n g t h  requi rements  a s  a  
f u n c t i o n  of l i q u i d  d e n s i t y  and concen t r a t i on  of s o l i d s .  

( 6 )  Bas ic  con f i rma t ion  of p r e d i c t i o n s  w i t h  l i m i t e d  l a b o r a t o r y  
exper imenta t ion .  Modif ica t ion  o r  s o p h i s t i c a t i o n  of response  
t heo ry  w i l l  b e  made a s  i n d i c a t e d .  

( 7 )  A p r e l imina ry  s tudy  of t h e  s u i t a b i l i t y  of v a r i o u s  d e t e c t o r s  
a s  a  b a s i s  f o r  recommendations. 

(8) A p r e l imina ry  i n v e s t i g a t i o n  of c i r c u i t r y  techniques  s u i t a b l e  
f o r  d a t a  p roces s ing  t o  o b t a i n  s o l i d s  c o n c e n t r a t i o n  
a u t o m a t i c a l l y .  

FUTURE PROGRAM 

P r o j e c t  e f f o r t s  i n  t h e  near  f u t u r e  w i l l  emphasize: (1)  p r e p a r a t i o n  of an 
up - to -da t e  r e p o r t  on t h e  measurement of f l u v i a l  sediment d i s c h a r g e ;  ( 2 )  f i e l d  
t e s t s  of t h e  pumping samplers ,  and (3)  development work on t h e  e l e c t r o n i c  s ens ing ,  
t u r b i d i t y ,  u l t r a s o n i c ,  and n u c l e a r  devices  f o r  a n a l y s i s  of suspended sediment 
samples i n  t h e  l a b o r a t o r y  and f o r  au tomat ic  c o l l e c t i o n  and a n a l y s i s  of suspended 
sediments  i n  f lowing  s t reams . 



APPENDIX 

L i s t  of P r o j e c t  Repor ts  

Reports  on t h e  coope ra t ive  s tudy  of methods used i n  Measurement and 
Ana lys i s  of Sediment Loads i n  Streams covers  phases  i n d i c a t e d  by t h e  
fo l lowing  t i t l e s :  

Report No. 1--"Field P r a c t i c e  and Equipment Used i n  Sampling 
Suspended Sediment", August 1940 

Report No. 2--"Equipment Used f o r  Sampling Bed Load and Bed 
Mate r i a l " ,  September 1940 

Report No. 3--"Analyt ical  Study of Methods of Sampling 
Suspended Sediment", November 1941 

Report No. 4--"Methods of Analyzing Sediment Samples1', 
November 1941 

Report  No. 5--"Laboratory I n v e s t i g a t i o n s  of Suspended- 
Sediment Samplersll, December 1941 

Report No. 6--"The Design of Improved Types of Suspended- 
Sediment Samplers", May 1952 

Report No. 7--"A Study of New Methods f o r  S i z e  Analys is  of 
Suspended-Sediment Samples", June  1943 

Report No. 8--"Measurement of t h e  Sediment Discharge of 
Streams", March 1940 

Report No. 9--"Density of Sediments Deposi ted i n  Reservoi rs" ,  
November 1943 

Report No. 10--"Accuracy of Sediment S i z e  Analyses Made by 
t h e  Bottom-Withdrawal-Tube Method1', A p r i l  1953 

Report No. 11--"The Development and C a l i b r a t i o n  of t h e  
Visual-Accumulation Tube", 1957 

Report No. 12--"Some Fundamentals of P a r t i c l e - S i z e  Analys is1 ' ,  
December 1957 

Report No. 13--"Single-Stage Sampler f o r  Suspended Sediment", 
1961 



Report AA--Federal Inter-Agency Sedimentat ion Ins t ruments  and 
Repor ts ,  May 1959 

Report P - - Inves t iga t ions  of D i f f e r e n t i a l  P r e s s u r e  Gages f o r  
Measuring Suspended-Sediment Concent ra t ions ,  June 1961 

Note: Other l e t t e r e d  r e p o r t s ,  A t o  0 ,  a r e  manuals on sediment 
sampler ope ra t ion ,  o r  s t u d i e s  of sampler and equipment o p e r a t i o n .  






















